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Abstract
Drosophila melanogaster has been extensively used in different types of research as a
model organism due to its high reproductivity, short life span, and easy maintenance. In this
paper, we examined drosophila as a model for ethanol toxicity in the male reproductive system.
We developed three assays: The DAPI assay, sperm viability assay, and tubulin staining assay.
The DAPI assay is a nuclear staining assay that assesses the effects of various ethanol
concentrations in late spermiogenesis in which increased detrimental effects to the sperm bundles
were observed. The second assay consisted of the sperm viability assay which showed an
increase in apoptotic spermatozoa and significantly reduced sperm viability with a higher
concentration of ethanol. Finally, the last assay was the anti-pan polyglycylated tubulin staining
to confirm the effects of ethanol on the coiling cysts at the basal end of the testis which showed
reduced to no coiling cysts in the 12% ethanol concentration. The seminal vesicle size was
measured in interest but showed no significance between the concentrations.
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Introduction
I.

Overview
The fruit fly, Drosophila melanogaster, is a model organism commonly used to study human

physiological processes and diseases as we share more than 65% of our genome with flies
(Mirzoyan et al., 2019). Drosophila has been used in genetics, molecular, cellular, cancer,
toxicology, behavioral, and nutrition research (Cheng et al., 2018; Palermo & Mudry, 2011;
Staats et al., 2018). Although the fly’s genes and body are relatively simple, its biological
processes function similarly to humans and other complex mammals (Cheng et al., 2018). D.
melanogaster has a short life span, fast reproduction rate, low cost of maintenance, and is easily
handled in the lab, thus making it an ideal model organism to utilize in research (Rubin, 1988;
Varga et al., 2020). Drosophila has been proven useful for more than 100 years in biological
research as 75% of genes in human diseases have homologues in the simple insect (Koon &
Chan, 2017).
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FIGURE 1: D. melanogaster male reproductive system. (A) Bright field image of D.
melanogaster testis. The testis consists of (Ap) the apical end, (B) seminal vesicles, (C)
ejaculatory bulb, (D) accessory glands, (E) ejaculatory duct, and (F) elongating spermatids. The
spermatids originate from the apical end of the testis and elongate towards the basal end before
releasing into the seminal vesicles. All pictures were either taken or created by me in Dr. Angela
Klaus’s lab. Bar = 100 um.
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II.

Life stages of the D. melanogaster (stages of the life cycle)
D. melanogaster holometabolism development includes four life stages which include the

egg, larvae, pupa, and adult (Fig. 2; Rubin, 1988). There are 3 distinct instar larval stages which
are identified by larval morphology (Fernández-Moreno et al., 2007; Staats et al., 2018) Under
laboratory conditions, it takes approximately 10-12 days for the fruit flies to fully develop.
Drosophila females usually lay continuously at a rate of 50-100 eggs per day (FernándezMoreno et al., 2007). The eggs are white and oval-shaped; they are laid half-buried in the food
medium and can hatch in 21-24 hours at 25℃ (Hales et al., 2015; Álvarez-Rendón et al., 2018).
The eggs hatch into a tiny worm called the first instar larva. The first instar larva feeds on the
food medium for 24-25 hours and molts into the second instar larval stage (Hales et al., 2015).
The second instar larva also feeds for 24 hours before molting into the largest of the larval forms
- the third instar larva (Hales et al., 2015). At this stage, the third instar larva travels upward
along the surface of the wall of the food vial to allow for pupation. The third instar larva
transforms into a yellowish-white pupa that is stationary on the sides of the food vial, and as the
pupa develops, it gradually becomes darker. The pupariation allows for a full body
metamorphosis. After 4-5 days, the adult fly ecloses (emerges from the pupal case) (Hales et al.,
2015; Hennig, 2009; Schneider, 2000).
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(Ecloses)

Figure 2: D. melanogaster Life Cycle.
The diagram shows the life cycle of D. melanogaster. The cycle begins with an adult female and
male Drosophila in which an egg is fertilized. The embryo hatches and goes through 3 stages of
instar larvae and emerges from the pupa into an adult.
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III.

D. melanogaster Spermatogenesis

The D. melanogaster testes are long, coiled, tube-shaped organs in which the sperm
develop from the germline stem cells located in the apical end (Hennig, 2009; White-Cooper &
Bausek, 2010) (Fig. 1). Spermatogenesis in D. melanogaster involves a series of processes that
ultimately lead to the formation of functional sperm. Spermatogenesis in D. melanogaster starts
in the apical tip of the testes in an area called the stem cell niche (Fig. 3) (Demarco et al., 2014)
The stem cell niche consists of three cell types: hub cells, germline stem cells (GSC), and the
somatic cyst stem cells (CySC). The sperm-producing germline stem cells and somatic cyst stem
cells are clustered around the hub cells. Hub cells are responsible for the replication and upkeep
of the multiple stem cells within the niche throughout the lifetime of the adult male fly (Demarco
et al., 2014; Drummond-Barbosa, 2019; Greenspan et al., 2015).
Each germline stem cell undergoes a mitotic division that produces a gonialblast cell and
a stem cell that will stay attached to the hub. The somatic cyst cells also undergo mitotic
divisions which produce two cyst progenitor cells that will surround the gonialblast throughout
spermatogenesis. Cyst cells are needed for signaling to allow for proper development (Demarco
et al., 2014). The two daughter cyst cells encapsulate around the gonialblast (G). The gonialblast
next goes through four rounds of mitotic divisions to generate 16 primary spermatocytes (PS)
which are connected by cytoplasmic bridges (Demarco et al., 2014; Drummond-Barbosa, 2019).
The primary spermatocytes go through the first meiotic division to produce 32 secondary
spermatocytes (SS), and the secondary spermatocytes undergo a second meiotic division to
produce 64 haploid round spermatids (RS) (Fig. 3). The 64 haploid spermatids still encapsulated
in the two cyst cells go through spermiogenesis which involves the synthesis of the acrosomal
vesicle, the growth of the sperm tail, and the expulsion of cytoplasm and organelles (Fig. 3). This
10

excess cytoplasm is expelled during the individualization process as a cystic bulge that travels
down the entire length of the elongating cyst. At the final stage of spermatogenesis, the
differentiated spermatid bundle coils and sperm are released from the encapsulating cyst. The
mature sperm travel through the testicular duct and into the seminal vesicles where they are
stored until ejaculation.
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Figure 3. D. melanogaster stem cell niche
The hub cells are located at the apical tip of the testes and signal to the cyst progenitor cells and
the germline stem cells (GSCs). This causes the cyst cells to divide and encapsulate a gonialblast
(G). The gonialblast undergoes mitosis to produce 16 spermatogonia. The spermatogonia
increase in size to become 16 primary spermatocytes (PS) and go through 2 meiotic division to
produce 64 haploid round spermatids (RS). The spermatids go through elongation,
individualization, and coiling before being released into the seminal vesicle.
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IV.

Alcohol Toxicity and Male Fertility
The World Health Organization (WHO) has stated that chronic alcohol consumption is

the seventh-leading preventable cause of death on a global scale (World Health Organization,
2018). However, low concentrations of alcohol appear to have some beneficial consequences,
especially on inflammation and immune responses (Adedara et al., 2017; Biasi et al., 2014;
World Health Organization, 2018; Park & Kim, 2020; Peacock et al., 2018).
Several authors have found that chronic alcohol consumption can cause atrophy of the
seminiferous tubules, morphological alteration of the Leydig cells which affects the production
of testosterone, a higher chance of morphologically transformed spermatozoa, decreased semen
quality, lower sperm count, and subsequent decrease in fertility (Giannessi et al., 2015; Høyer et
al., 2020; Pajarinen et al., 1996). An increase in follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) levels, and decreased testosterone levels have also been observed
among men who abuse alcohol (Høyer et al., 2020).
Ethanol toxicity is related to how ethanol is metabolized in the body. Acetaldehyde and
nicotinamide adenine dinucleotide (NADH) is formed from ethanol by alcohol dehydrogenase
(ADH). The acetaldehyde is oxidized by aldehyde dehydrogenase (ALDH) to create acetate. This
conversion produces reactive oxygen species (ROS), and this contributes to alcohol toxicity (Le
Daré et al., 2019). Giannessi and colleagues noted that the increase of the NADH/NAD + ratio
leads to the enhanced production of ROS and that acetaldehyde inhibits the conversion of
androstenedione to testosterone (Giannessi et al., 2015). Ethanol-induced oxidative stress is not
localized to the liver but also affects other tissues including the testes in humans (Høyer et al.,
2020), rats (Priya et al., 2014), and mice (Giannessi et al., 2015). Despite a myriad of studies on
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alcohol and the human male reproductive system, to the best of our knowledge, there have been
no recent studies on ethanol toxicity and Drosophila spermatogenesis.
V.

Goal of the Present Work
The goal of the current work is to explore whether D. melanogaster is a good animal

model for ethanol toxicity studies of spermatogenesis. The integrity of elongated sperm bundles
was assessed by visualizing the organization of sperm heads within the bundles. Sperm viability
was also assessed. Additionally, we sought to determine if the coiling process was affected by
ethanol exposure. Finally, we assessed whether the size of the sperm storage organ – the seminal
vesicle – was affected.
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Materials and Methods
I.

Fly stock and culturing
D. melanogaster fly stocks were obtained from the National Drosophila Species Stock

Center (Cornell University). The flies were maintained on a Jazz-Mix corn meal Drosophila
medium (Fisher Scientific).
II.

Ethanol Food Fly Culturing
D. melanogaster flies were grown in food vials to allow for flies to reproduce without

ethanol treatment. Freshly eclosed flies were then transferred to 1%, 3%, 6%, and 12% ethanol
treatment food vials for 3 days to allow for mating and egg laying. After the first instar larvae
appeared, the adult flies were removed. Following the eclosure of the flies, adult male s were
removed and transferred to a control food vial for 3 days.
III.

Sperm Bundle Assay
The virgin male flies were then anesthetized by cooling and the reproductive system was

dissected from the abdomen. The reproductive system was fixed in 4% formaldehyde/1X PBS
for 30 minutes. Samples were then rinsed three times in 1X PBS for 5 minutes each. Samples
were mounted in MOWIOL/DAPI and imaged on an Olympus FV1000 confocal microscope.
IV.

Live/Dead Staining Assay
Freshly eclosed flies were transferred to 1%, 3%, 6%, and 12% treatment food vials for 3

days to allow for mating and egg-laying. Once the first instar larvae appeared, the adult flies
were removed. Following eclosure, the adult male flies were removed and transferred to control
food for 3 days. The virgin male flies were then anesthetized by cooling and the reproductive
system was dissected from the abdomen.
15

The seminal vesicles were isolated from the testes and placed on a slide. 8 µl of 1X PBS
was pipetted onto a large coverslip and the seminal vesicles are transferred onto the coverslip.
The vesicles were punctured with a fine needle to extract mature sperm. 1 µl of SYBR-14 stain
was added to the sperm and left in the dark for 3 minutes. 1 µl of propidium iodide was
subsequently added to the sperm and the sperm was left in the dark for 1 minute. A coverslip was
applied, then samples were imaged by confocal microscopy within six minutes of preparation.
Live and dead sperm were counted using the Fluoview confocal software (see Figure 7)
V.

Anti-pan Polyglycylated Tubulin Antibody Staining
Adult males flies were separated and further aged for 3 days in isolation to allow for sperm

accumulation in the seminal vesicles. Two sets of dissected testes from the ethanol
concentrations were fixed by placing in 4% formaldehyde for 15 minutes at room temperature.
Testes were then permeabilized in blocking solution [phosphate-buffered saline (PBS) containing
0.1% Triton X-100 plus 3% bovine serum albumin (BSA)] for 2 hours on a shaker. Testes were
washed 3 times for 2 minutes each in 1% PBST. Samples were incubated overnight with a
primary antibody using a 1:10 dilution of mouse anti-pan polyglycylated tubulin [AXO 49
(Rotkopf et al., 2011); Sigma-Aldrich] in a blocking solution. Each experimental ethanol
concentration was placed in a 4℃ refrigerator overnight and two control testes were also placed
in 1X PBS solution without the primary antibody.
Following the overnight incubation, the testes were rinsed 3 times for 2 minutes each in
1% PBST. The experimental and control testes were stained with a secondary antibody, Alexa
Flour 488 goat anti-mouse, at a concentration of 1:200. Phalloidin-TRITC was added to the
secondary antibodies and placed on a shaker for an hour. The testes were washed in 1x PBST 3
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times for 5 minutes each. The testes were mounted on a glass slide in a solution of MOWIOL
and DAPI, sealed with glass coverslips, and viewed on an Olympus FV1000 confocal laser
scanning microscope.
VI.

Confocal Microscopy and Image Processing

The samples were imaged on an Olympus FV 1000 confocal laser scanning microsc ope. The
prepared slides were observed using the 20x, 40x, and 60x objective lenses. Saturation and
contrast levels were set using the hi-low tool in the color look-up table (LUT). A 405 nm laser
was used to excite the DAPI nuclear stain, a 488 nm argon laser was used to excite the SYBR 14
stain and the secondary antibody, and a 498 nm laser was used to excite the propidium iodide
stain. Z stacks were optimized and customized depending on the trial and the structure being
monitored, the best images were taken at 1024x1024 pixel resolution, with an 8
microsecond/pixel scan rate using a 40X or 20X oil immersion lens. The images were later
processed using ImageJ to counter oversaturation of either the background signal or the sample.
Each image is then exported as a jpg.

VII.

Statistical Analysis
Two-tailed t-tests were performed using GraphPad Prism. The results are statistically

significant with a p-value of less than 0.05.
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Results
I.

Sperm bundles in the basal testis
As spermatogenesis proceeds, the spermatid nuclei become tightly compacted into sperm
bundles. The nuclei are pushed towards the basal end of the testis as the sperm tails elongate.
Figure 4 shows the location of developing sperm bundles in the basal end of the testis in flies
treated with 0%, 1%, 3%, 6%, and 12% concentrations of ethanol. In D. melanogaster, the
seminal vesicles (Fig. 4A-E) are located near the basal end of the testes and are connected to
the testes by the testicular duct. Figure 5 A-E shows the morphology of the sperm bundles at
a higher magnification. The arrows indicate the two different morphologies of the sperm
bundles. The conical sperm bundle structures are represented by the single arrow and the
compacted sperm bundles are represented by the double arrows (Fig. 5A-E). Figures 6A and
6B are enlargements of the sperm bundles shown in Figures 5A and 5E, respectively. The
morphology of the sperm bundles found in the late stages of spermiogenesis is evident. Also
visible are a large number of free sperm in the basal testis, indicating disruption of sperm
bundles of the 6% and 12% ethanol exposure. The free sperm are the individual sperm nuclei
(the little gray lines are sperm nuclei) (Figure 5E), and the disaggregation of a single sperm
bundle at the basal end is indicated by the yellow circle in Figure 5.
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Figure 4: Sperm bundles are in the basal end of the testes. Arrows indicate the region of the
basal testes where sperm bundles are forming. The sperm bundles are characterized by their
needle-like appearance and indicated by arrows. Asterisks indicate the location of the seminal
vesicles. Scale bars = 100 um. N (control) = 6. N (alcohol) = 18.
19

Figure 5: D. melanogaster sperm bundle morphology. The basal end of the testes. Developing
sperm bundles become tightly compacted, progressing from a cone-shaped to a needle-like
structure. (A-E) The double arrows signify compacted sperm bundles while the single arrows
signify the conical-shaped sperm bundles. Panel E has increased free sperm (the individual lines)
located in the basal end of the testes; an example of a disaggregated sperm bundle is signified
with a yellow circle in Panel E. Scale bars = 50 µm. N (control) = 7. N (alcohol) = 15.
20

Figure 6: Comparison & enlargement, untreated vs treated sperm bundles in D.
melanogaster basal testis. (A) untreated control, (B) 12% ethanol treatment. Note disaggregated
sperm bundles in the treated testis. Scale bars = 25 µm
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II.

Sperm viability assay
After extracting sperm from seminal vesicles, live/dead staining of sperm nuclei was

performed using a live/dead viability kit. SYBR-14 dye stains live sperm nuclei green and
propidium iodide (PI) stains dead sperm red. The staining results for the live/dead assay are
shown in Figure 7. There was a large proportion of live sperm and little to no dead sperm found
in control and 1% ethanol treatments (Fig. 7A-B). There was a proportional increase of dead
sperm with an increase in ethanol exposure; 3% and 6% ethanol exposure show a slight increase
in dead sperm and 12% ethanol exposure shows a large quantity of dead sperm when compared
to the live sperm (Fig. 7C-E). Figure 8 shows enlargement and a comparison of control and 12%
ethanol exposure with the white arrows indicating the live sperm and the red arrows indicating
the dead sperm. The live and the dead sperm were separately counted by tagging the sperm using
ImageJ (Fig. 8). Figure 9 shows the statistical analysis of the percentage of live sperm in treated
versus control samples. All treatment concentrations except 1% were significantly lower than
controls. Figure 10 shows the difference between the total count percent live and the total count
percent dead for each group, there was a proportional increase in the percent dead when
comparing the control and the 12% ethanol exposure.
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Figure 7: Live/Dead Staining of sperm extracted from the seminal vesicles of D.
melanogaster. The green signal is SYBR Green which stains live cells and tissue, and the red
signal is propidium iodide which stains dead cells and tissue. The images are overlays of both
signals Scale bars = 50 µm. N (control) = 34. N (alcohol) = 66.
23

Figure 8: Enlargement & Comparison: Live/Dead Staining of D. melanogaster sperm.
Image has been enlarged to show the difference in the control and the 12% ethanol exposure.
Live sperm are indicated by the white arrows and the dead sperm are indicated by the red arrows.
Scale bar = 25 µm
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A

Figure 9: Live/Dead sperm quantification. The graph illustrates the percentage of live sperm
observed for each experimental ethanol concentration. Asterisks indicate a p-value < 0.05.
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Figure 10: Ethanol Toxicity on Sperm Viability. Graph shows the quantification and
comparison of live, dead, and total sperm percentage in each experimental condition. The
quantification of total sperm count is shown as percentages.
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III.

D. melanogaster Anti-pan Polyglycylated Tubulin Staining at the Basal End of
the Testis – Coiling Cysts

Following the elongation stage, elongated cysts coil before they release fully mature
sperm. We sought to determine if ethanol treatment affects the coiling process. The
immunofluorescence staining was done with mouse anti-pan polyglycylated tubulin primary
antibody that is raised against Drosophila to detect posttranslational modifications of tubulin
(Rotkopf et al., 2011). It successfully stained the tubulin where applicable in the control and
treated samples.
In each panel, there is trans light imaging, the green signal is Alexa Flour 488, and the
gray signal is DAPI staining. Panel A in Figure 8 shows the positive control. Panel B-E shows
the experimental testes. The bracket shows the supposed location of the coiling cysts, and the
arrows pinpoint a singular cyst (Fig. 11A-E). There are noticeable elongating cysts and coiling
cysts stained with antibodies and the cone-like spermatids and needle-like structure head cyst
cells stained in DAPI (Fig. 11Aʹ-Eʹ). Panels B-D show similar coiling cysts at the basal end
while Panel E shows minimal to no coiling cysts in both the trans light and Alexa Flour/DAPI
panels (Fig. 11B-E & 11Bʹ-Eʹ). An enlargement and comparison between the control and 12%
Ethanol exposure show multiple coiling cysts in the control according to the arrows and minimal
coiling cysts in the 12% (Fig. 12.). All the anti-pan polyglycylated tubulin staining was done on
testes and later fixed in formaldehyde.
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Figure 11: Anti-pan polyglycylated tubulin staining of control D. melanogaster testis.
Transmitted light and maximum intensity projection images of D. melanogaster testes stained
with the primary antibody anti-pan polyglycylated tubulin. Each panel includes a transmitted
light image of the basal end (Panels A-E) and the primary antibody staining using the Alexa
Flour 488 laser (green signal) with DAPI (grey signal) (Panels Aʹ-Eʹ). The basal end is enclosed
in brackets, arrows point to visible coiling in both images except in Panel E&Eʹ, which is void
of any coiling cysts. Scale bars =100 µm. N (control) = 9. N (alcohol) = 32.
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Figure 12: Comparison and enlargement Anti-pan polyglycylated tubulin staining of
Control and experimental 12% D. melanogaster testis. Maximum intensity projection images
of the primary antibody staining of the testes with DAPI stain. The two arrows in the control
pinpoint coiling cysts in the basal end of the testes. No coiling cysts were visualized in the 12%
ethanol exposure. Scale bar = 25 µm

30

IV.

Seminal vesicles size

Figure 13 shows a comparison of D. melanogaster seminal vesicle between the control
and the experimental 12% ethanol exposure. The asterisks on both images signify the location of
the seminal vesicles, located near the basal end of the testes (Fig. 13). Figure 13 indicates the
procedure taken to measure out the seminal vesicles using the ruler on the FV10 -ASW viewer
software. The seminal vesicles were stained with DAPI and fixed in 4% formaldehyde. Seminal
vesicles in the various concentration of ethanol exposure were measured and showed no
significant difference with a p-value of 0.0862 (Fig. 14).
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Figure 13: Seminal Vesicles. Each D. melanogaster seminal vesicle was measured using the
ruler on the FV10-ASW viewer in micrometers. The asterisks signify the position of the seminal
vesicles (A & B). Each seminal vesicle was measured with the confocal ruler, the control
seminal vesicle is 313 µm, and the 12% ethanol seminal vesicle is 280 µm. The scale bars are
100 µm and taken on a 200X oil immersion lens. Scale Bar = 100 µm. N (control) = 8. N
(alcohol) = 24.

32

Figure 14: Ethanol concentration vs Seminal Vesicles size. This graph shows the
measurements in micrometers taken from each experimental condition. The standard error bars
are shown and a p > 0.05. N (control) = 8. N (alcohol) = 24.
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Discussion
I.

Overview
This work aimed to explore whether Drosophila melanogaster can be used as a model for

male reproductive system ethanol toxicity. Our results indicate that Drosophila sperm viability,
coiling cysts, and sperm bundle integrity are affected by increasing ethanol concentration. As
ethanol concentration increased, the percentage of viable sperm decreased (Fig. 9 & 10).
Likewise, increasing concentrations of ethanol resulted in increased spermatid disaggregation
(Fig. 6). The coiling cysts are affected at the basal end as the ethanol concentration increases
particularly in the 12% ethanol exposure (Fig. 11). There was not any significance in the seminal
vesicle size (Fig. 13).
II.

Sperm bundles in the basal testis

At the end of spermatogenesis, 64 haploid round spermatids are enclosed within a cyst
which elongates as the sperm tails grow (Demarco et al., 2014). Concomitant with elongation of
the sperm tails, the sperm nuclei likewise transform from a rounded shape to a needle-like shape.
The sperm nuclei are stabilized by a filamentous actin structure that forms within the head cyst
cell. A study by Rotkopf and colleagues showed that the activation of Wsp through Cdc42 -GTP
stimulates the actin nucleation of the Arp2/3 complex; this machinery controls the filamentous
actin structure (Rotkopf et al., 2011). The actin cap is an important part of head cyst cell
morphology, spermatid nuclei organization, and the head cyst association with the terminal
epithelium cell. As the head cyst cell forms the attachment with the terminal epithelium cell, the
tail cyst cell coils from the apical end and proceeds to the successful release of mature sperm into
the seminal vesicles (Rotkopf et al., 2011).
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The individualization process begins when f actin-rich cones (investment cones) form
around the nucleus of each spermatid and move down the entire structure of the sperm towards
the terminal end. At the same time, the chromatin is condensed by th e removal of excess
cytoplasm and ultimately separating into individualized mature sperm (Kimura et al., 2013;
Kapoor et al., 2021). The somatic cyst cell contributes an actin-rich cap on the spermatid heads
which are synthesized through the WSP-Arp2/3 process. The actin cap is made up of two
domains are made up of a basket in the membrane of the head cyst cell that surrounds the sperm
bundle and caplets form at the top of spermatid heads to prevent the premature release from the
head cyst cell which disappears when the spermatids return to its resting position. The
transmission electron microscopy image in Kapoor et al. (Kapoor et al., 2021) shows sections of
the sperm bundle wrapped by the head cyst cell membrane which is essential for keeping the
spermatid’s heads together. Rho1-Dia/DAAM pathway is suggested to promote the assembly of
F-actin at the basket.
Our DAPI nuclear staining demonstrated that with increasing ethanol concentration, there
was a concomitant increase in the number of abnormal sperm bundles relative to untreated
controls (Fig. 4 & 5). The most significant effect was seen in the flies treated with 12% ethanol
(Fig. 6). There was evidence of higher amounts of free sperm and the disaggregation of sperm
bundles towards the end of spermiogenesis at the basal end of the 12% ethanol-treated testis.

Several mechanisms for sperm bundle disaggregation are suggested. First, Desai and
colleagues showed that an actin cap prevents the sperm heads from rupturing through the head
cyst cell membrane and prevents their premature release (Desai et al., 2009). F-actin caplets
form in the head cyst cell membrane when a sperm head protrudes beyond its resting position
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(Kapoor et al., 2021). We hypothesize that an increase in reactive oxidative species (ROS) may
affect nucleation-promoting factors such as the Wsp, Cdc42, and the Arp2/3 (Demarco et al.,
2014). These proteins form a complex which is essential for the attachment of the head cyst cell
to the basal testis epithelium cell and the actin-rich cap (Demarco et al., 2014, Rotkopf et al.,
2011). Additionally, this complex is important for the transfer of mature sperm into the seminal
vesicle (Rotkopf et al., 2011). If disrupted, sperm may be prematurely released into the basal end
of the testis because they are unable to attach to the basal epithelium.

III.

Ethanol toxicity on sperm viability
Sperm viability was also affected by ethanol exposure. There was a decrease in the

production of viable sperm as the ethanol concentration increased (Figs. 7, 9, & 10). The
mechanism by which sperm viability in Drosophila is reduced is currently unknown, however,
studies in other animal models such as mice show that ethanol also affects sperm viability.
Doostabadi et al. studied the protective effects of vitamin E on sperm quality in mice that
were administered ethanol. There were 9 groups of mice with diets where they received 10%
ethanol, 20% ethanol, 10% with 100 mg of vitamin E, etc., for 35 days. There was a reduction in
viability rate, increase in abnormal DNA structure, and damage to the DNA when compared to
the control group. They reported in the 10% and 20% ethanol-treated group, the viability of
sperm significantly decreased, there was an increase in the apoptotic spermatozoa. They stated
that alcohol consumption can increase oxidative stress which can lead to interference with sperm
chromatin density and DNA damage which leads to a decrease in sperm viability (Doostabadi et
al., 2021, Rahimipour et al., 2013). There is a possibility of nuclear degradation occurring in the
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higher concentrations of ethanol; there is a high number of dead sperm in 12% ethanol-extracted
sperm to support this theory (Fig. 10).
Another mechanism for reduced viability may be the premature release of sperm heads
into the basal testis because of sperm bundle disaggregation (as described in the previous
section). Sperm maturation is completed during this process (Rotkopf et al., 2011), thus
disruption may produce non-viable sperm that don’t complete the individualization process
before being released.
IV.

Anti-pan Polyglycylated Tubulin Staining

The coiling cysts located at the basal end of the testes were successfully stained using
antibodies raised against Drosophila to detect tubulin. We compared the trans light and the
maximum intensity projection from the confocal data to the elongating and coiling cysts. While
this is considered preliminary data, there were noticeable coiling cysts from the control to 6%
ethanol-treated testis, there were no coiling cysts in the 12% but there were noticeable elongating
cysts (Fig. 11).
The individualization process is the elimination of cytoplasmic content through the f
actin-based investment cones form a cystic bulge as they travel towards the apical end of the cyst
as waste bags (Desai et al., 2009 & Augière et al., 2019), the individualized sperm bundles coil
and are released into the seminal vesicle. As discussed in previous sections, F-actin caps are
found at the tips of the enclosed maturing spermatids’ heads in the head cyst cell. The actin caps
are required for the maintenance of the tight sperm heads bundle during individualization (Desai
et al., 2009 & Augière et al., 2019).
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Rotkopf et al. state that the absence of a strong connection between the head cyst and the
terminal epithelium can cause the failure of coiling cysts, the apical end of the cyst can pull away
from the basal end due to that weaker association between the head cyst and terminal epithelium
(Rotkopf et al., 2011). In culture, the coiling cysts still occur, and the terminal epithelium is not
needed for the coiling to begin (Njogu et al., 2010), this explains the possibility that the coiling
cysts are not attaching to the terminal epithelium correctly. This doesn’t seem to be affected in
6% ethanol-treated testis as we observed multiple coiling cysts, it was only noticed in the 12%
ethanol-treated testis.

V.

Future Directions
Our lab’s future goal would be to examine if alcohol also affected the stem cell niche

since our focus was the basal end of the testis, we have done extensive work with other toxic
substances on the apical end. It would be useful to reproduce the anti-polyglycylated tubulin
staining and focus on the cellular functions between the terminal epithelium and the head cyst. In
connection with that work, the immunofluorescence staining of the head cyst cell would be
beneficial to understand if the toxicity of alcohol is affecting the head cyst cell directly. Lastly,
we also want to look at D. pseudoobscura species to see if this species is a better animal model
for alcohol toxicity.
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